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Description
FIELD OF THE INVENTION

[0001] This invention relates to dryers used in paper-
making in general and more particularly to dryer sec-
tions employing top-felted and bottom-felted dryers.

BACKGROUND OF THE INVENTION

[0002] Paper is manufactured as a continuously
formed web on a papermaking machine. In the last 30
years the speed at which paper is manufactured has
been substantially increased. The speed at which the
paper web is formed has doubled from approximately
3,000 feet per minute (15 meters per second) to up-
wards of 6,000 feet per minute (30 meters per second)
on today's state of the art machines. The manufacture
of paper starts with wood fibers suspended in water to
form a very dilute solution composed of over 99 percent
water. The fiber suspension is directed onto a forming
wire or between two wire screens in the forming section
of a papermaking machine.

[0003] After the paper web has been formed it is
pressed to approximately 50 percent water content in
the pressing section of the papermaking machine. The
pressing section is followed by tiers of dryers which typ-
ically employ steam heating to dry the web until it con-
tains only about 5 percent moisture. The dried web is
then smoothed by passage through a calender. And the
web is then wound into reels of paper at the dry end of
the papermaking machine for further processing or sale.
[0004] The search for ways of improving the rate of
the production of paper has also lead to increases in the
width of the paper web being formed to approximately
400 inches (10 meters). Increasing the width of the pa-
per web being formed beyond 400 inches (10 meters)
does not, at this time, appear to be practical because of
the difficulty of controlling the shape of the rolls and the
pressure between rolls used in the papermaking ma-
chine.

[0005] Thus, the future improvements in papermaking
are seen in the re-engineering of each component of the
papermaking machine to increase the speed of the ma-
chines and improve the operating efficiencies. Further,
efforts are needed to decrease the number of individual
rolls employed in such a way as to shorten the overall
length of the papermaking machine, with the goal of re-
ducing the overall size of the machine. At the same time
the length of the papermaking machine is being reduced
the individual components--from the former through the
winder--are being engineered to function better at high
speeds: The entire papermaking machine is being en-
gineered for better and automatic threading; the paper
is being supported throughout its travel through the pa-
permaking machine; and active feedback and monitor-
ing of the paper web's properties are being employed.
These improvements should set the stage for further in-
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creases in paper forming speeds. One section of the pa-
permaking machine which has received considerable
attention is the dryer section. A dryer section in a typical
papermaking machine takes up substantially more than
half of the overall length of the machine and considera-
bly more than half of the energy used in forming the pa-
per.

[0006] Some of the problems with conventional two-
felted, two-tiered dryer sections where the wet web
passes from one cylinder to the next in a generally ser-
pentine fashion, are: the existence of long unsupported
"open draws," problems with tail threading, sheet flutter
in the open draws, cross-directional sheet shrinkage,
and inefficient ventilation of evaporated water.

[0007] Some of the problems, including sheet flutter,
sheet shrinkage and vapor ventilation, have been
solved by replacing the two-felted, two-tiered dryer sec-
tions with single-tier BelRun™ dryer sections as manu-
factured by Beloit Corporation of Beloit, Wisconsin. Ex-
tension of the single-tier concept to include more dryer
cylinders in the single-tier configuration has provided
significant improvements in the operation of the dryer
section. The use of both top-felted single-tier dryer sec-
tions followed by bottom-felted single-tier dryer sections
has improved sheet one-sidedness. Such systems are
exemplified by the Beloit Bel-Champ™ dryer section.
One advantage of the single-tier dryer section is its abil-
ity to have the tail threaded through the dryer section
without the use of threading ropes. A further advantage
is the elimination of open draws where sheet flutter can
result in wrinkled paper or even paper breaks. Still fur-
ther advantages of the single tier dryers include better
access for removing broke, improved ventilation, re-
duced web shrinkage, improved sheet surface and
strength properties and improved machine runability.
Many of these advantages are achieved through the ap-
plication of vacuum to the intermediate vacuum rollers.
Open draws between dryer sections are eliminated
through the use of transfers where the web is supported
by two felts as it transfers between dryer sections.
[0008] Constraining the sheet while it moves through
the dryer section increases sheet restraint in the cross-
machine direction, which reduces shrinkage in the
cross-machine direction. In a conventional dryer sec-
tion, the web is constrained only approximately 58 per-
cent of the time as it moves through the dryer section of
the papermaking machine. By comparison, fabric pres-
sure and vacuum rolls hold the paper web in the Bel-
Run™ approximately 84.3 percent of the time it is in the
drying section.

[0009] Although the BelRun™ and Bel-Champ™ dry-
er configurations offer significant improvements over
other dryer section designs, one of the limitations of the
BelRun™ and Bel-Champ™ single-tier dryer sections is
that the cross-directional sheet restraint is not applied
for 100 percent of the cycle time. A further limitation Is
the large number of vacuum rolls required to restrain the
wet web from cylinder to cylinder in between sections.
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[0010] What is needed is a dryer section with im-
proved web constraint in the cross-machine direction
and greater compactness in overall length of the dryer
section.

SUMMARY OF THE INVENTION

[0011] The dryer section of this invention employs
top-felted and bottom-felted dryer sections where each
section is made up of a single steam-heated drying cyl-
inder with a diameter of about 12 feet (3.7 meters). The
web is transferred between the large single cylinders
making up the dryer sections using a two vacuum roll
transfer without an open draw. The rolls are arranged
so the felt wrap on the large dryer cylinders is over 270
degrees (1.5 nt radians) so the combination of dryer di-
ameter and wrap angle results in large drying capability
per dryer roll. Because each large dryer is followed by
another large dryer roll which dries the opposite side of
the web, uniformity of drying is maintained. Drying uni-
formity promotes sheet one-sidedness and prevents the
development of curl. Each dryer cylinder may be provid-
ed with its own felt stretcher and guide. Alternatively, a
single top felt can service several of the top-felted dryers
and a single bottom felt can service several of the bot-
tom-felted dryers. The total number of vacuum rolls re-
quired to transfer the web between the top-felted dryer
roll and the bottom-felted dryer roll is not increased over
the conventional Bel-Champ™ design even though two
rolls are used to transfer the wet web between each pair
of cylinders, because the amount of drying per cylinder
has been greatly increased. The result is a dryer section
where the web is constrained approximately 96 percent
of the time as it passes through the dryer section. The
dryer section designed according to this invention can
achieve 2.9 inches (2. 9 meters) of dryer surface in the
machine direction for every inch (meter) of length added
to the paper machine by the dryer section.

[0012] European application EP-A-0 653 514 shows
a number of compact dryer sections carried out in an
atmosphere of superheated steam, which employ alter-
nating upper and lower dryer rolls with web transfer that
avoids an open draw. An open draw between dryer rolls
is avoided by means of pairs of vacuum rolls which ei-
ther engage each other or form a joint run between up-
per and lower dryer fabrics which extend in the same
direction as the web is transferred. The present inven-
tion as defined in the appended claims is distinguished
by employing a joint run between upper and lower dryer
rolls wherein the joint run directs the web opposite the
direction of web transfer. Thus the joint run extends up-
wardly when transferring between an upper dryer roll
and a lower dryer roll, and a joint run which directs the
web downwardly when transferring between a lower
dryer roll and an upper dryer roll. This arrangement al-
lows a compact dryer section which can accommodate
the problem produced by a break and at the same time
provide rapid even drying of both sides of a paper web.
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[0013] It is a feature of the present invention to pro-
vide a dryer section in a papermaking machine which
reduces cross-machine direction shrinkage of the paper
web.

[0014] It is a further feature of the present invention
to provide a dryer section in a papermaking machine
with greater drying length per unit length of the dryer
section.

[0015] Itis an additional feature of the present inven-
tion to provide a dryer section which is threadable with-
out ropes, and which has improved access.

[0016] Itis another feature of the present invention to
provide a dryer section which achieves a given level of
drying with reduced number of dryer rolls, doctors, bear-
ings, and frames.

[0017] It is also a feature of the present invention to
provide a dryer section which drys both sides of the web,
and which has good ventilation.

[0018] It is a further feature of the present invention
to provide a dryer. section which may effectively be used
with air impingement of auxiliary drying.

[0019] Itis a still further feature of the present inven-
tion to provide a dryer section in a papermaking machine
where the number of dryer felt drive rolls may be re-
duced.

[0020] Itis yetanotherfeature of the presentinvention
to provide a drying section in a papermaking machine
wherein each dryer cylinder can be provided with its own
felt, stretcher and guide.

[0021] Itis yetanotherfeature of the presentinvention
to provide a dryer section in a papermaking machine
with improved start-up broke removal and operability.
[0022] Itis yetanotherfeature of the presentinvention
to provide a dryer section in a papermaking machine
wherein transfers between adjacent dryers in the proc-
ess direction occur without open draw.

[0023] Itis a yet further feature of the present inven-
tion to provide a dryer section for a papermaking ma-
chine wherein the paper web is constrained for a greater
percentage of the time the web spends passing through
the dryer section.

[0024] Further objects, features and advantages of
the invention will be apparent from the following detailed
description when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1A is a schematic front elevational view of the
upstream end of the dryer section of this invention
FIG. 1B is a schematic front elevational view of the
downstream end on the dryer section of FIG. 1A.
FIG. 2 is a front elevational view of the dryer section
of FIG. 1A and FIG. 1 B on a reduced scale.

FIG. 3 is a front elevational view of an alternative
embodiment of the dryer section of this invention in
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which air caps are positioned on each dryer cylin-
der.

FIG. 4 is an enlarged fragmentary schematic view
of a portion of the dryer section of FIG. 1A, function-
ing to direct broke away from a lower roll.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0026] Referring more particularly to FIGS. 1-4
wherein like numbers refer to similar parts, a dryer sec-
tion 20 is shown in FIGS. 1A and 1B. The dryer section
20 is made up of dryer cylinders 22 arranged in two tiers,
an upper tier 24 and a lower tier 26. A paper web 28,
indicated schematically by a dotted line, traverses the
dryer cylinders 22 in a serpentine path alternating be-
tween dryers 22 of the upper tier 24 and dryers 22 of the
lower tier 26. The web 28 has an upper side 30 which
is brought into engagement with the cylindrical surfaces
32 of the dryers 22 of the upper tier 24. The web 28 has
a lower side 34 which is brought into engagement with
the cylindrical surfaces 36 of the dryers 22 of the lower
tier 26. The web 28 thus is alternately dried on first the
lower side 30 followed by the upper side 34. Alternately
drying first one side then the other produces a paper
which has a low tendency to curl. Curl is an undesirable
paper property produced by uneven drying of a paper
web. Curl in formed paper can result in paper jamming
in many pieces of office equipment where the paper Is
subjected to heat such as laser printers, copiers and fax
machines. For maximum drying efficiency, as much of
the dryer surface should be in contact with the web as
possible, i.e. more than 180 degrees (rn radians), and
preferably about 270 degrees (1.5n radians).

[0027] In addition to evenly drying the paper web, the
properties of the paper formed are improved if the drying
takes place while the web is constrained to prevent the
web from shrinking during drying. Shrinkage of the web
28 in the machine direction, which is defined as the di-
rection the paper travels through the papermaking ma-
chine, is controlled by the amount of tension the web 28
is subjected to. Tension in the machine direction is ad-
justed in part by controlling the relative speed at which
successive dryers are driven. The paper web 28 is con-
strained against shrinkage in the cross machine direc-
tion by dryer felts 38 and 58 which hold the web 28
against the dryer roll surfaces 32, 36.

[0028] AsshowninFIGS. 1A, 1B and 2, the upper tier
24 of dryer cylinders 22 are rotatively mounted to a ma-
chine frame 40 about axes 42. The lower tier 26 dryer
cylinders 22 are rotatively mounted to the machine
frame 40 about axes 43.

[0029] The web 28 enters the dryer section 20 from a
press section (not shown) and is picked up by a first dry-
er felt 44. The web 28 is guided into engagement with
the first dryer roll 46 by a guide roll 47 which transfers
the first felt 44 to a vacuum roll 48 which directs the web
onto the surface 32 of the first dryer roll 46. The first
dryer roll 46 is twelve feet (3.7 meters) in diameter and
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is internally heated with pressurized steam. A doctor
blade 50 is positioned beneath the first dryer roll 46 to
prevent the web 28 from wrapping around the dryer roll
46 in the event the paper web breaks.

[0030] A pair of vacuum rolls 52, 54 or equivalent rolls
transfer the web 28 to a lower tier dryer roll 56. A lower
tier felt 58 holds the web 28 against the surface 36 of
the lower dryer roll 56. The upper felt 44 overlies the
web 28 as it is drys in engagement with the upper dryer
roll surface 32, but the web Is supported on top of the
upper felt 44 as the upper felt is turned in engagement
with the first vacuum roll 52. The lower dryer felt 58 over-
lies the web 28 as it wraps around the lower tier dryer
roll 56, yet prior to reaching the lower tier dryer roll the
lower dryer felt 58 runs beneath the web as it is turned
by the second transfer vacuum roll 54. A joint run 60 is
formed between the first upper felt 44 and the lower dry-
er felt 58 where they co-run between the first transfer
vacuum roll 52 and the second transfer vacuum roll 54.
In the joint run 60, the web 28 is supported between the
two felts. For additional background on the use of a joint
run in a dryer section see U.S. patents 5,065,529 to
Skaugen et al. and 5,269,074 to Sims et al.. The joint
run 60 prevents the web from fluttering and, because a
felt is positioned on either side of the web 28, relatively
little drying takes place within the joint run. Thus, where
the web 28 is not held by vacuum or felt tension against
cross machine direction shrinkage, little shrinkage takes
place because very little drying is taking place. Thus the
percent of the total time during which the web 28 is con-
strained while the web is dried is about ninety-six per-
cent. This compares to a typical constraint ratio or per-
cent of between 37 and 85 percent constrained drying
using conventional and Bel-Champ dryer systems.
[0031] After wrapping around the first lower dryer roll
56, the web proceeds to two vacuum transfer rolls for a
second joint run 60 and then to a second upper dryer
roll 22. The web progresses through the dryer section
20 alternating between upper and lower dryer rolls. With
each transfer from an upper dryer roll to a lower dryer
roll, the web switches contact from a top felt to a bottom
felt. In the dryer section 20, seven dryer rolls are provid-
ed. The total number of dryer rolls selected for a partic-
ular dryer section application may be influenced by the
amount of drying required and the characteristics of the
type of paper being produced.

[0032] In addition to forming a high quality web with-
out open draws, the dryer section 20 achieves improve-
ments in dryer section length. For a modern paper dryer
section, two factors are of chief concern: that the web is
held in engagement directly with the surfaces of the dry-
ers, and that there are no open draws. Direct engage-
ment with the surfaces of the dryers speeds heat trans-
fer to the web and thus drying. A dryer section without
open draws allows simple and reliable threading and
produces greatly reduced susceptibility to deformation
and breaking of the paper web. These requirements for
a dryer section have led to single tier dryers like the
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Bel-Champ dryer section available from Beloit Corpora-
tion of Beloit Wisconsin. A typical Bel-Champ dryer sec-
tion achieves about 1.77 inches (1.77 meters) of dryer
surface in contact with the web for each inch (meter) of
dryer length. The dryer section 20 of this invention has
about 2.90 inches (2.90 meters) of dryer surface in con-
tact with the web for each inch (meter) of dryer section
length.

[0033] A typical Bel-Champ dryer utilizing one vacu-
um roll between dryers will have one-half as many vac-
uum rolls per dryer cylinder as the dryer section 20 of
this invention. However, because the individual dryer
cylinders 22 are twelve feet (3.7 meters) in diameter--
about twice that of a conventional Bel-Champ dryer roll--
the number of vacuum rolls 52, 54 for a given amount
of drying is about the same. Thus, even though the dryer
section 20 has more vacuum rolls per dryer cylinder it
is not penalized by the high cost of vacuum rolls be-
cause of the proportionately greater drying surface per
dryer cylinder.

[0034] As best shown in FIG. 2, the dryer section 20
employs two top felts 44, 62 and two bottom felts 58 and
64. Each top felt 44, 62 traverses two dryer cylinders 22.
Each top felt has a felt stretcher or tensioner 66 which
tensions the felts 44, 62. Because of the larger size of
the dryer roll cylinders 22, the felt tension will typically
be proportionately higher than the felt on a smaller di-
ameter dryer. For example, if the tension applied to the
dryer fabric or felt is between about ten and about twenty
pounds per linear inch (seventeen and about thirty-five
Newtons per cm) for a six foot (1.8 meter) diameter dry-
er, it may be about twenty to forty pounds per linear inch
(thirty-five to seventy Newtons per cm) for a twelve foot
(3.7 meter) diameter dryer roll 22. The bottom felts 58,
64 have felt stretchers 68. The tensioners 66, 68 are
adjustable by means of a hand wheels 70. In the em-
bodiment shown, the first bottom felt 58 passes around
a single dryer roll 56. The second bottom felt 64 passes
around two dryer rolls 22 of the lower tier 26. The first
top felt 44 wraps two upper dryer rolls, and the second
top felt 62 also wraps two dryer rolls. In general each
dryer roll 22 can employ a single felt, or two or more
dryer rolls may utilize the same felt. The choice of how
many dryer rolls to include within one felt run depends
on how often it is necessary to change the speed at
which the dryer rolls rotate.

[0035] Single tier top-felted dryers have the advan-
tage that when a paper break occurs, broke is easily re-
moved because the broke, once separated from a dryer,
will drop free of the overlying felt. As best shown in FIG.
4, the dryer section 20 overcomes some of the disad-
vantages of a bottom felted dryer system utilizing the
felts themselves to remove broke 79 from the bottom
felted dryer rolls. Doctor blades 74 are mounted to doc-
tor backs 77 on frame 40. The blades 74 are positioned
above each lower dryer roll 22 along a portion of roll
surface 36 not wrapped by a bottom felt. In the event of
a web break, there is a tendency for the severed paper
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web 28 to wrap around the dryer rolls. The doctor blade
74 engages the lower dryer roll surface 36 and scrapes
the waste paper free of the dryer roll. A broke deflecting
baffle 76 extends downstream from the doctor blade
back 77. The doctored broke engages the downstream-
curving baffle 76 and is directed to the nip formed at the
downstream joint dryer felt run 60. The rapidly moving
top felt and bottom felt grip the broke and drag it through
the joint felt run 60, which, because it is unbacked, is
sufficiently flexible and expansive to accommodate the
rough and possibly wadded broke. The broke is then
ejected from the joint run and carried on the bottom felt
to a broke pit 78 where it joins broke recovered from the
top felted dryer rolls in the conventional fashion.
[0036] An alternative embodiment dryer section 120,
shown in FIG. 3, achieves improved performance for
each dryer roll 122 by the use of high velocity, high tem-
perature air impingement hoods 123, such as those
manufactured by Beloit Corporation of Beloit, Wiscon-
sin, under the name Air Cap™ dryers. For maximum
drying performance, the Air Cap dryers 123 are posi-
tioned over the dryer rolls in the upper tier 124 and under
the dryer rolls of the lower tier 126. The Air Cap dryers
123 are hoods which overlie portions of the dryer rolls
122 in the upper tier 124 and the lower tier 126 and blow
high velocity hot air through the dryer fabrics to dry the
affected outer surfaces of the web 128 simultaneously
and preferably at the same rate as the roll side of the
web is dried by the steam heat transmitted to the surface
136 of the dryer cylinder 122.

[0037] In order to allow the passage of air through the
felts or dryer fabrics 138, 140, 142, and 144, the dryer
fabrics must be of a porous or foraminous nature. Thus,
the dryer fabrics employed in the dryer section 120 will
have a porosity in the range of four-hundred to twelve-
hundred cubic feet per minute per square foot (120 to
360 cubic meters per minute per meter squared) at a
pressure differential of one-half inch of water (125 Pa)
as typically measured by those skilled in the art of the
design and construction of papermaking dryer fabrics.
The air supplied by the Air Cap dryers 123 may have a
temperature range of two-hundred-and-fifty to nine-hun-
dred degrees Fahrenheit (126 to 480 degrees Celsius)
and be blown at a velocity of between eight-thousand
and forty-thousand feet per minute (2500 and 12500
meters per minute). These high air temperatures require
dryer fabrics which can withstand temperatures of up to
nine-hundred degrees Fahrenheit (480 degrees Celsi-
us) for brief periods of time and steady state tempera-
tures in the range of five-hundred to six-hundred de-
grees Fahrenheit (260 to 315 degrees Celsius). The dry-
er section 120 also employs transfer vacuum rolls 146
as in the dryer section 20. Bottom felted roll doctors and
broke-deflecting baffles may also be provided, but have
been omitted from the schematic view of FIG. 3 for clar-
ity.

[0038] Dryer fabrics of this nature may be constructed
of metal, high temperature plastics such as poly-
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etheretherketone (PEEK), or polyphenylene Sulfide
(PPS) also sold as Ryton® fibers and manufactured by
Phillips Petroleum Company, or other high temperature
materials such as Nomex® fiber produced by E. |. Du
Pont de Nemours Corporation, 1007 Market St., Wilm-
ington Delaware, which can be formed into the neces-
sary fibers.

[0039] It should be understood that the transfer vac-
uum rolls 52, 54 may be pivotally mounted to the ma-
chine frame 40 to facilitate broke removal. Pivotally
mounting the vacuum rolls also allows them to be placed
closer to the surfaces 32 of the dryer cylinders 22 which
improves runability while allowing the gap between the
vacuum rolls 52, 54 and the surfaces 32 of the dryer
cylinders 22 to be increased in response to a paper
break. A paper break can result in paper wrapping
around a dryer cylinder and jamming between a dryer
cylinder and a vacuum roll, if the break is not detected
sufficiently rapidly or if the vacuum rolls cannot pivot
away from the dryer cylinders to provide more space be-
tween dryers and vacuum rolls. An example of a pivoting
transfer roll is provided in U.S. Patent No. 4,905,379.
[0040] Itshould be understood that the number of dry-
ers per felt can be varied between one dryer per felt to
two or more dryers per felt. In general, a greater number
of dryer fabrics has the advantage of reducing the cost
and the difficulty in replacing a fabric if one is damaged.
On the other hand, fewer dryer fabrics means less
square footage of fabric and lower costs. Generally, it is
preferred to have more than one cylinder per fabric.
However, due to the cost of fabrics and the possibility of
fabric damage, it is also desirable to not have any one
fabric with excessive length. In any event, upper dryers
24 and lower dryers 26 utilize separate felts. In general,
the number of dryer fabrics is equal to the number of
times 2 divides evenly into the number of cylinders, plus
one if the number of cylinders is odd.

[0041] One advantage achieved by the dryer sections
20 and 120 is that the number of dryer or felt roll drive
positions required to provide adequate drivability to the
dryer sections is less than that which would be required
in conventional fabric-driven dryer sections. In the
present invention, only one drive cylinder per dryer sec-
tion would typically be required.

[0042] The plane containing the axes 42 of the dryers
22 inthe upperrow 24 is vertically spaced from the plane
containing the axes 43 of the dryers 22 in the lower row
26. The vertical spacing of these planes is preferably
spaced approximately equal to the diameter of the dryer
cylinders 22 so that there is a small overlapping of the
dryers in the direction of the planes defined by the upper
and lower dryer axis. This positioning of the dryer cylin-
ders makes it possible to construct a dryer section in
which the unwrapped portions of all the dryer cylinders
can be disposed at approximately chest height, thus
providing convenient operator access to the unwrapped
surfaces of the dryers and minimum overall dryer height.
[0043] The horizontal spacing of the dryers in one of
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the rows is preferably less than the diameter of the dryer
cylinder 22 so that there is some overlapping of the cyl-
inders in the vertical direction. This provides reduced
machine-direction length and increased dryer felt wrap
angles.

[0044] Although Yankee dryers are built to diameters
in excess of twenty-two feet (6.7 meters), shipping and
manufacturing considerations produce a more practical
limitation of ten to fifteen feet (3 to 4.6 meters) in diam-
eter for the dryer cylinders 22.

[0045] It should be noted that an upper dryer cylinder
is adjacent in the process direction to a lower dryer cyl-
inder, but rolls of the upper plane are never adjacent in
the process direction, nor are dryer cylinders in the lower
plane adjacent in the process direction.

[0046] Itis understood that the invention is not limited
to the particular construction and arrangement of parts
herein illustrated and described, but embraces such
modified forms thereof as come within the scope of the
following claims.

Claims

1. A dryer section (20) in a papermaking machine
comprising:

a set of dryer cylinders (22) including a plurality
of upper dryer cylinders (24) and a plurality of
lower dryer cylinders (26) such that upper and
lower cylinders alternate, said dryer cylinders
(24, 26) being arranged to define a path be-
tween cylinders (22) for travel of a web of paper
(28) to run from one cylinder (22) to a next cyl-
inder (22) of said set of cylinders so that the
paper web (28) is brought into direct contact
with each dryer cylinder (22), wherein a first
side of the web is brought into direct contact
with the one cylinder and a second side of the
web is brought into direct contact with the next
cylinder, and wherein the paper web (28) wraps
while in direct contact a sector of each dryer
cylinder (22) that is larger than 180 degrees;

wherein each upper dryer cylinder (24) is wrapped
by an upper dryer fabric (44) which is in direct con-
tact with the paper web (28) while the web (28) is in
direct contact with each upper cylinder (24);

wherein each lower dryer cylinder (26) is wrapped
by a lower dryer fabric (58) which is in direct contact
with the paper web (28) while the web is directly in
contact with each lower dryer cylinder (26);

wherein the web (28) is transferred without open
draw between all adjacent upper and lower dryer
cylinders (24, 26) by a pair of rolls (52, 54) compris-
ing: a first vacuum roll (52), and a second vacuum
roll (54), the arrangement being such that during
transfer of the web (28) from an upper dryer cylinder
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(24) to an adjacent lower dryer cylinder (26) the first
vacuum roll (562) is wrapped by the upper dryer fab-
ric (44) wrapping said upper dryer cylinder (24) and
the second vacuum roll (54) is wrapped by the lower
dryer fabric (58) wrapping said adjacent lower dryer
cylinder (26), and, during transfer of the web (28)
from alower dryer cylinder (26) to an adjacent upper
dryer cylinder (24) the first vacuum roll is wrapped
by the lower dryer fabric (58) wrapping said lower
dryer cylinder (26) and the second vacuum roll is
wrapped by the upper dryer fabric (44) wrapping
said adjacent upper dryer cylinder (24),
characterized in that,

during said transfer of the web (28) from an upper
dryer cylinder (24) to an adjacent lower dryer cylin-
der (26) the upper and lower dryer fabrics form a
joint run (60) between the first (52) and second (54)
vacuum rolls which is unbacked by any roll, the first
vacuum roll (52) being positioned below the second
vacuum roll (54), wherein the first (52) and second
(54) vacuum rolls are positioned so that the web
(28) travels upwardly between the first (52) and sec-
ond (54) vacuum rolls; and during said transfer of
the web (28) from a lower dryer cylinder (26) to an
adjacent upper dryer cylinder (26) the lower (58)
and upper (38) dryer fabrics form a joint run (60)
between the first and second vacuum rolls which is
unbacked by any roll, the first vacuum roll being po-
sitioned above the second vacuum roll so that the
web (28) travels downwardly between the first and
second vacuum rolls.

The dryer section of Claim 1 further comprising at
least one air impingement hood (123) positioned to
impinge air toward one of said dryer cylinders (22)
of the set of dryer cylinders.

The dryer section of Claim 2 wherein each dryer cyl-
inder (22) of the set of dryer cylinders has an air
impingement hood (123) positioned to blow air to-
wards said each dryer cylinder (22).

The dryer section of Claim 1 wherein the paper web
(28) wraps while in direct contact a sector of each
dryer cylinder (22) that is about 270 degrees (1.5I1
radians).

The dryer section of Claim 1 wherein the dryer sec-
tion (20) has a length in a machine direction and
wherein each cylinder has a surface which is tra-
versed by the web (28) as it progresses in the ma-
chine direction and wherein the web (28) traverses
more than 5.1 cm (two inches) of cylinder surface
for each 2,54 cm (inch) of dryer section length over
the entire length of the dryer section.

The dryer section of Claim 5 wherein the web (28)
traverses about 7,4 cm (2.9 inches) of dryer surface
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for each 2,54 cm (inch) of dryer section length, over
the entire length of the dryer section (20).

The dryer section (20) of Claim 1 wherein the dryer
cylinders (22) have a diameter of about 3.7 meters
(12 feet).

The dryer section (20) of Claim 1 wherein the dryer
cylinders (22) have a diameter of between 3 to 4.6
meters (ten and fifteen feet).

The dryer section (20) of Claim 1 wherein each low-
er dryer cylinder (24) has a top center portion which
is not wrapped by the web; and further comprising
a doctor blade (74) mounted to engage the top cent-
er portion of at least one of said lower dryer cylin-
ders (26), the doctor blade (76) serving to discharge
broke from said lower dryer cylinder (26).

The dryer section (20) of Claim 9 further comprising
a means for directing broke mounted with respect
to the doctor blade (74) to direct broke discharged
by the doctor blade into the dryer joint run (60) to
there be conveyed away from the lower dryer cylin-
der (26) for conveyance to a basement area (78).

The dryer section (20) of Claim 1 wherein the
number of upper dryer fabrics (44) is equal to the
number of times 2 divides evenly into the number
of upper dryer cylinders (24), plus one if the number
of upper dryer cylinders (24) is odd.

The dryer section (20) of Claim 1 wherein the
number of lower dryer fabrics (58) is equal to the
number of times 2 divides evenly into the number
of lower dryer cylinders (26), plus one if the number
of lower dryer cylinders (26) used is odd.

The dryer section (20) of Claim 1 wherein the upper
dryer cylinders (24) have lowermost portions which
define a first plane and the lower dryer cylinders
(26) have uppermost portions which define a sec-
ond plane and wherein the second plane is above
the first plane such that a vertical distance between
the top of the upper dryer cylinders and the bottom
of the lower dryer cylinders is less than the com-
bined diameters of the upper and lower cylinders.

The dryer section (20) of Claim 1 wherein the hori-
zontal spacing of the dryer cylinders (22) at a com-
mon level is less than the diameter of a dryer cylin-
der to provide compact dryer cylinder placement.

Patentanspriiche

1.

Eine Trocknersektion (20) in einer Papiermaschine,
beinhaltend:
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einen Satz von Trocknerzylindern (22) mit einer
Mehrzahl von oberen Trocknerzylindern (24)
und einer Mehrzahl von unteren Trocknerzylin-
dern (26), wobei sich obere und untere Zylinder
abwechseln; die Trocknerzylinder (24,26) sind
so angeordnet, dal} sie einen Weg einer Pa-
pierbahn (28) definieren, der von einem Zylin-
der (22) zum néchsten Zylinder (22) des Satzes
von Zylindern so verlauft, daR die Papierbahn
(28) in direkten Kontakt mit jedem Trocknerzy-
linder (22) gebracht wird, wobei die erste Seite
der Bahn in direktem Kontakt mit dem einen Zy-
linder und die zweite Seite der Bahn in direkten
Kontakt mit dem nachsten Zylinder gebracht
wird und wobei die Papierbahn (28) wahrend
des direkten Kontaktes einen Sektor jedes
Trocknerzylinders (22) umschlingt, der gréRer
als 180° ist;

dabei wird jeder obere Trocknerzylinder (24)
von einer oberen Trokkentextilbahn (44) um-
schlungen, welche im direkten Kontakt mit der
Papierbahn (28) ist solange die Bahn (28) im
direkten Kontakt mit jedem oberen Trocknerzy-
linder (24) ist;

ferner wird jeder untere Trocknerzylinder (26)
von einer unteren Trokkentextilbahn (58) um-
schlungen, welche im direkten Kontakt mit der
Papierbahn (28) ist solange die Bahn (28) im
direkten Kontakt mit jedem unteren Trockner-
zylinder (26) ist;

ferner wird die Bahn (28) ohne freien Zug zwi-
schen allen benachbarten oberen und unteren
Trocknerzylindem (24, 26) durch Paare von
Walzen (52,54) uberflihrt, wobei die Walzen-
paare erste Vakuum- oder Saugwalze (52) und
eine zweite Vakuum- oder Saugwalze (54) um-
fassen, die so angeordnet sind, dal wahrend
der Uberfiihrung der Bahn (28) von einem obe-
ren Trocknerzylinder (24) zu einem benachbar-
ten unteren Trocknerzylinder (26) die erste Va-
kuum- oder Saugwalze (52) von der den obe-
ren Trocknerzylinder (24) umschlingenden
oberen Trockentextilbbahn (44) umschlungen
wird und die zweite Vakuum- oder Saugwalze
von der den unteren benachbarten Trocknerzy-
linder (26) umschlingenden unteren Trocken-
textilbahn (58) umschlungen wird; wobei wah-
rend der Uberfiihrung der Bahn (28) von einem
unteren Trocknerzylinder (26) zu einem be-
nachbarten oberen Trocknerzylinder (24) die
erste Vakuum - oder Saugwalze von der den
unteren Trocknerzylinder (26) umschlingenden
unteren Trockentextilbahn (58) umschlungen
wird und die zweite Vakuum- oder Saugwalze
von der den oberen benachbarten Trocknerzy-
linder (24) umschlingenden oberen Trocken-
textilbahn (44) umschlungen wird,
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dadurch gekennzeichnet,

daR wahrend der Uberfiihrung der Bahn (28) von
einem oberen Trocknerzylinder (24) zu einem be-
nachbarten unteren Trocknerzylinder (26) die unte-
ren und oberen Trockentextilbahnen eine gemein-
same, von keiner Walze unterstiitzte Laufstrecke
(60) zwischen der ersten (52) und der zweiten (54)
Vakuum- oder Saugwalze bilden, und wobei die er-
ste Vakuum- oder Saugwalze (52) unter der zweiten
Vakuum- oder Saugwalze (54) angeordnet ist; die
erste (52) und zweite (54) Vakuum- oder Saugwalze
sind derart angeordnet, da® die Bahn zwischen der
ersten (52) und zweiten (54) Vakuum- oder Saug-
walze aufwarts verlauft; und da wahrend der Uber-
fuhrung der Bahn (28) von einem unteren Trockner-
zylinder (26) zu einem benachbarten oberen Trock-
nerzylinder (26) die unteren (58) und oberen (38)
Trockentextilbahn eine gemeinsame, von keiner
Walze unterstiitzte Laufstrecke (60) zwischen der
ersten und der zweiten Vakuum- oder Saugwalze
bilden; dabei ist die erste Vakuum- oder Saugwalze
Uber der zweiten Vakuum- oder Saugwalze derart
angeordnet, dal die Bahn (28) zwischen der ersten
und zweiten Vakuum- oder Saugwalze abwarts ver-
1auft.

Trocknersektion nach Anspruch 1, zuséatzlich bein-
haltend mindestens eine Lufteinblashaube (123),
welche zum Einblasen von Luft in Richtung eines
der Trocknerzylinders (22) des Satzes von Trock-
nerzylindern angeordnet ist.

Trocknersektion nach Anspruch 2, wobei jeder
Trocknerzylinder (22) des Satzes von Trocknerzy-
lindern eine Lufteinblashaube (123) besitzt, welche
zum Blasen von Luft in Richtung dieses Trockner-
zylinders (22) angeordnet ist.

Trocknersektion nach Anspruch 1, wobei die Pa-
pierbahn (28) wahrend des direkten Kontaktes ei-
nen Sektor jedes Trocknerzylinders (22) um-
schlingt, der ungefahr 270° (1,5 I1 radiens) ist.

Trocknersektion nach Anspruch 1, wobei die Trock-
nersektion (20) eine Lange in Maschinenrichtung
besitzt und wobei jeder Zylinder eine Oberflache
besitzt, die von der Bahn (28) passiert wird, wah-
rend diese sich in die Maschinenrichtung bewegt
und wobei die Bahn (28) mehr als 5,1 cm (zwei
inches) von Zylinderoberflache fiur jede 2,54 cm (je-
den inch) der Lange der Trocknersektion Uber die
gesamte Lange der Trockenparte passiert.

Trocknersektion nach Anspruch 5, wobei die Bahn
(28) ungefahr 7,4 cm (2,9 inches) von Zylinderober-
flache fir jede 2,54 cm (jeden inch) der Lange der
Trocknersektion Uber die gesamte Lange der Trok-
kenparte (20) passiert.
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Trocknersektion nach Anspruch 1, wobei die Trock-
nerzylinder (22) einen Durchmesser von ungefahr
3,7 m (12 ft.) besitzen.

Trocknersektion nach Anspruch 1, wobei die Trock-
nerzylinder (22) einen Durchmesser zwischen 3m
(10 ft.) und 4,6 m (15 ft.) besitzen.

Trocknersektion nach Anspruch 1, wobei jeder un-
tere Zylinder (24) eine obere zentrale Position be-
sitzt, die nicht von der Bahn umschlungen wird; so-
wie einen zum Eingriff in die zentrale obere Position
mindestens eines unteren Trocknerzylinders (26)
angeordneten Papiermaschinenschaber (74), der
dazu dient, Ausschu® von dem unteren Trockner-
zylinder (26) abzuschaben.

Trocknersektion nach Anspruch 9, zusatzlich bein-
haltend eine in der Nahe des Papiermaschinen-
schabers (74) angeordnete Ausschuflabfiihrein-
richtung, um vom Papiermaschinenschaber abge-
schabten Ausschuf} in die gemeinsame Laufrich-
tung (60) abzuflihren, so daf} dieser von dem unte-
ren Trocknerzylinder (26) weg in ein tiefer liegendes
Gebiet (78) gefordert wird.

Trocknersektion nach Anspruch 1, wobei die Zahl
der oberen Trockentextilbahnen (44) gleich der ggf.
zur nachsten natirlichen Zahl aufgerundeten Halfte
der oberen Trocknerzylinder (24) ist.

Trocknersektion nach Anspruch 1, wobei die Zahl
der unteren Trockentextilbahnen (58) gleich der
ggf. zur nachsten natlrlichen Zahl aufgerundeten
Halfte der unteren Trocknerzylinder (26) ist.

Trocknersektion nach Anspruch 1, wobei die obe-
ren Trocknerzylinder (24) tiefstgelegene Stellen be-
sitzen, die eine erste Ebene definieren und die un-
teren Trocknerzylinder (26) hochstgelegene Stellen
besitzen, die eine zweite Ebene definieren und wo-
bei die zweite Ebene so oberhalb der ersten liegt,
daB} die vertikale Distanz zwischen der Spitze der
oberen Trocknerzylinder und dem Boden der unte-
ren Trocknerzylinder kleiner als die zusammenge-
nommenen Durchmesser der oberen und unteren
Trocknerzylinder ist.

Trocknersektion nach Anspruch 1, wobei der hori-
zontale Abstand der Trocknerzylinder, gemessen
bei gleicher Hohe, kleiner als der Durchmesser der
Trocknerzylinder ist, um einer kompakte Anord-
nung der Trocknerzylinder zu gewahrleisten.

Revendications

1.

Section de séchage (20) dans une machine a papier
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comprenant :

un ensemble de cylindres de séchage (22)
comportant plusieurs cylindres de séchage su-
périeurs (24) et plusieurs cylindres de séchage
inférieurs (26) de telle sorte que des cylindres
supérieurs et inférieurs alternent, lesdits cylin-
dres de séchage (24, 26) étant agencés pour
définir un chemin entre des cylindres (22) pour
le déplacement d'une bande de papier (28)
pour passer d'un cylindre (22) au cylindre sui-
vant (22) dudit ensemble de cylindres de telle
sorte que la bande de papier (28) est amenée
en contact direct avec chaque cylindre de sé-
chage (22), lorsqu'un premier cété de la bande
est amené en contact direct avec un cylindre et
un second cété de la bande est amené en con-
tact direct avec le cylindre suivant, et ou la ban-
de de papier (28) s'enroule pendant qu'elle est
en contact direct avec un secteur de chaque cy-
lindre de séchage (22) qui est plus grand que
180 degrés ;

ou chaque cylindre de séchage supérieur (24) est
enveloppé par une étoffe de séchoir supérieur (44)
qui est en contact direct avec la bande de papier
(28) pendant que la bande (28) est en contact direct
avec chaque cylindre supérieur (24) ;

ou chaque cylindre de séchage inférieur (26) est en-
veloppé par une étoffe de séchoir inférieur (58) qui
en contact direct avec la bande de papier (28) pen-
dant que la bande est directement en contact avec
chaque cylindre de séchage inférieur (26) ;

ou la bande (28) est transférée sans traction ouver-
te entre tous les cylindres de séchage supérieurs
etinférieurs adjacents (24, 26) par une paire de rou-
leaux (52, 54) comprenant :

un premier rouleau a vide (52), un deuxiéme
rouleau a vide (54), I'agencement étant tel que
pendant le transfert de la bande (28) d'un cy-
lindre de séchage supérieur (24) a un cylindre
de séchage inférieur adjacent (26), le premier
rouleau a vide (52) soit enveloppé par I'étoffe
de séchoir supérieur (44) enveloppant ledit cy-
lindre de séchage supérieur (24), et le deuxie-
me rouleau a vide (54) est enveloppé par I'étof-
fe de séchoir inférieur (58) enroulant ledit cylin-
dre de séchage inférieur adjacent (26), et pen-
dant le transfert de la bande (28) d'un cylindre
de séchage inférieur (26) a un cylindre de sé-
chage supérieur adjacent (24), le premier rou-
leau a vide est enveloppé par I'étoffe de séchoir
inférieur (58) enveloppant ledit cylindre de sé-
chage inférieur (26), et le deuxiéme rouleau a
vide est enveloppé par I'étoffe de séchoir supé-
rieur (44) enveloppant ledit cylindre de séchage
supérieur adjacent (24),
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caractérisée en ce que

pendant ledit transfert de la bande (28) d'un cylindre
de séchage supérieur (24) a un cylindre de séchage
inférieur adjacent (26), les étoffes de séchoir supé-
rieur et inférieur forment un passage joint (60) entre
les premier (52) et deuxiéme (54) rouleaux a vide
qui n'est pas supporté par un rouleau, le premier
rouleau a vide (52) étant positionné en dessous du
deuxiéme rouleau a vide (54), ou le premier (52) et
deuxiéme (54) rouleau a vide sont positionnés de
facon que la bande (28) se déplace vers le haut en-
tre les premier (52) et deuxiéme (54) rouleaux a
vide ; et pendant ledit transfert de la bande (28) d'un
cylindre de séchage inférieur (26) a un cylindre de
séchage supérieur adjacent (26), les étoffes de sé-
choir inférieur (58) et supérieur (38) forment un pas-
sage joint (60) entre les premier et deuxieme rou-
leaux a vide qui n'est pas supporté par un rouleau,
le premier rouleau a vide étant positionné au-des-
sus du deuxieme rouleau a vide de telle sorte que
la bande (28) se déplace vers le bas entre les pre-
mier et deuxiéme rouleaux a vide.

Section de séchage selon la revendication 1, com-
prenant en outre au moins un capot (123) pour l'air
incident positionné pour que l'air soit incident vers
I'un desdits cylindres de séchage (22) dudit ensem-
ble de cylindres de séchage.

Section de séchage selon la revendication 2, ou
chaque cylindre de séchage (22) de I'ensemble des
cylindres de séchage comporte un capot (123) pour
I'air incident positionné pour souffler l'air vers cha-
que cylindre de séchage précité (22).

Section de séchage selon la revendication 1, ou la
bande de papier (28) s'enroule pendant qu'elle est
en contact direct avec un secteur de chaque cylin-
dre de séchage (22) qui est environ de 270 degrés
(1,5 = radian).

Section de séchage selon la revendication 1, ou la
section de séchage (20) a une longueur dans une
direction de la machine, et ou chaque cylindre aune
surface qui est traversée par la bande (28) lorsqu'el-
le avance dans la direction de la machine, et ou la
bande (28) traverse plus que 5,1 cm (2 pouces) de
la surface du cylindre pour chaque 2,54 cm (pouce)
de la longueur de section de séchage sur toute la
longueur de la section de séchage.

Section de séchage selon la revendication 5, ou la
bande (28) traverse environ 7,4 cm (2,9 pouces) de
la surface de séchage pour chaque 2,54 cm (pouce)
de la longueur de la section de séchage, sur toute
la longueur de la section de séchage (20).

Section de séchage (20) selon la revendication 1,
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ou les cylindres de séchage (22) ont un diamétre
d'environ 3,7 métres (12 pieds).

Section de séchage (20) selon la revendication 1,
ou les cylindres de séchage (22) ont un diameétre
compris entre 3 et 4,6 métres (dix et quinze pieds).

Section de séchage (20) selon la revendication 1,
ou chaque cylindre de séchage inférieur (24) com-
porte une portion centrale supérieure qui n'est pas
enveloppée par la bande ; et comprenant en outre
une racle (74) installée pour venir en prise avec la
portion centrale supérieure d'au moins I'un desdits
cylindres de séchage inférieurs (26), la racle (76)
servant a évacuer des déchets dudit cylindre de sé-
chage inférieur (26).

Section de séchage (20) selon la revendication 9,
comprenant en outre un moyen pour diriger les dé-
chets, installé par rapport a la racle (74) pour diriger
les déchets évacués par la racle dans le passage
joint (60) du séchoir pour qu'ils soient convoyés au
loin du cylindre de séchage inférieur (26) pour étre
transporté vers une zone souterraine (78).

Section de séchage (20) selon la revendication 1,
ou le nombre d'étoffes de séchoir supérieurs (44)
est égal au nombre de fois que 2 se divise unifor-
mément en nombre de cylindres de séchage supé-
rieurs (24) plus un si le nombre des cylindres de
séchage supérieurs (24) est impair.

Section de séchage (20) selon la revendication 1,
ou le nombre d'étoffes de séchoir inférieur (58) est
égal au nombre de fois que 2 se divise uniformé-
ment en nombre de cylindres de séchage inférieurs
(26) plus un sile nombre des cylindres de séchage
inférieurs (26) utilisé est impair.

Section de séchage (20) selon la revendication 1,
ou les cylindres de séchage supérieurs (24) ont des
portions les plus inférieures qui définissent un pre-
mier plan, et les cylindres de séchage inférieurs
(26) ont des portions les plus supérieures qui défi-
nissent un second plan, et ou le second plan est au-
dessus du premier plan de telle sorte qu'une distan-
ce verticale entre le dessus des cylindres de sécha-
ge supérieurs et le fond des cylindres de séchage
inférieurs est plus petite que les diametres combi-
nés des cylindres supérieurs et inférieurs.

Section de séchage (20) selon la revendication 1,
ou I'espacement horizontal des cylindres de sécha-
ge (22) a un niveau commun est plus petit que le
diameétre d'un cylindre de séchage pour réaliser un
placement de cylindres de séchage compact.
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